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Marc van Leersum, MDABSTRACT
Purpose: To determine whether equivalent-quality images can be obtained from digital subtraction angiography (DSA) of the
iliac artery after implementation of a novel imaging technology that reduces patient and scatter x-ray dose.
Materials and Methods: Imaging using two randomly ordered DSA runs was performed in 51 adults scheduled for iliac artery
angiography or intervention or both. One DSA run used standard acquisition chain and image processing algorithms (referred
to as “ reference DSA”), and the other DSA run used dose-reduction and real-time advanced image noise reduction technology
(referred to as “study DSA”). The quality of each pair of runs, consecutively performed without changes in working projection
or injection parameters, was independently rated by ﬁve radiologists blinded to the imaging technology used. Patient radiation
dose was evaluated using air kerma and dose area product, and scatter dose was evaluated using three dosimeters (DoseAware,
Philips Healthcare, Best, The Netherlands), located at ﬁxed positions.
Results: Comparable image pairs were available in 48 patients. There were 44 patients undergoing treatment involving the
common (n ¼ 33) or external (n ¼ 29) iliac arteries. Study DSA images were rated as equal to or better than reference DSA
images for 96% of comparisons, with an average overall agreement among raters of 0.93 (95% conﬁdence interval, 0.65–0.96).
Mean patient radiation dose (n ¼ 48) and scatter dose rate for the three dosimeters (n ¼ 50) was 83%  5 and 69%  10 lower,
respectively, using the study technology (P o .001).
Conclusions: Iliac artery DSA performed using a dose-reduction and real-time advanced image noise reduction technology results in
image quality that is noninferior to conventional DSA but with signiﬁcantly lower patient and scatter radiation exposure (P o .001).
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Volume 26 ’ Number 5 ’ May ’ 2015 643endovascular techniques (4,5). In addition, obesity is
increasingly prevalent, which increases the overall cumu-
lative effective dose during angiographic procedures (6).
In endovascular procedures, digital subtraction angio-
graphy (DSA) accounts for the largest radiation doses,
with dose rates a few orders of magnitude higher than
rates recorded in ﬂuoroscopy (2,7).
Besides the effect of radiation dose on patients, occupa-
tional dose is of major concern. Several cases of lens
opacities or cataracts caused by x-ray exposure have been
reported (8,9). The lifetime risk of developing cancer,
mainly in the left side of the brain, seems to be higher in
medical personnel exposed to x-rays (10). The use of a
power injector instead of hand injecting contrast material is
an effective way to reduce operator dose during angio-
graphy. However, the literature reports that DSA is
performed from a control room only in approximately
80% of procedures (11). These data highlight the necessity of
x-ray imaging technologies that, without trading on image
quality, would reduce the dose delivered to the patient and
staff, especially for high-radiation-dose imaging techniques.
The current study was designed to determine whether
a dose-reduction and real-time advanced image noise
reduction technology could yield equivalent image qual-
ity compared with the conventional imaging technology.
The reduction in patient and scatter radiation dose and
the image quality of DSA runs were assessed.Table 1 . Subject Characteristics
Characteristic
Enrolled
(n ¼ 51)
Evaluable Data
(n ¼ 48)
Age (y), mean (SD) 66.0 (11.0) 66.8 (10.6)
Gender, n (%)
Male 35 (68.6) 33 (68.8)
Female 16 (31.4) 15 (31.3)
BMI (kg/m2), mean (SD) 25.8 (4.0) 25.7 (4.1)
Reason for current procedure
Diagnostic 4 (7.8) 4 (8.3)
Treatment 47 (92.2) 44 (91.7)
Vessels treated with current procedure
Aorta bifurcation 4 (7.8) 2 (4.2)
CIA 36 (70.6) 33 (68.8)
EIA 30 (58.8) 29 (60.4)
IIA 1 (2.0) 1 (2.1)
CFA 2 (3.9) 2 (4.2)
SFA 2 (3.9) 2 (4.2)
BMI ¼ body mass index, CFA ¼ common femoral artery,
CIA ¼ common iliac artery, EIA ¼ external iliac artery,
IIA ¼ internal iliac artery, SFA ¼ superﬁcial femoral artery.MATERIALS AND METHODS
This study was conducted from July 3, 2012, to May 24,
2013. Before study initiation, the project was approved by
the local institutional review board. All subjects provided
written informed consent, and the study was performed in
accordance with the guidelines of the International Con-
ference on Harmonization for Good Clinical Practice.
This prospective, noninferiority study was designed to
evaluate two different technologies for image acquisition
and analysis in DSA by directly comparing diagnostic
image quality and patient and scatter radiation exposure
of the two approaches. Comparisons were made between
endovascular DSA image sets acquired and processed
with either a reference technology using standard acquis-
ition chain and image processing algorithms or a dose-
reduction and advanced image processing technology.
Subjects
Adults at least 18 years old who were scheduled for
diagnostic iliac artery DSA or endovascular treatment
were eligible for inclusion. Exclusion criteria were parti-
cipation in other clinical trials; pregnancy and breast-
feeding; and moderate to severe renal insufﬁciency,
deﬁned as an estimated glomerular ﬁltration rate o 60
mL/min/1.73 m2. Patients’ body mass indexes (BMIs)
were anticipated to be representative of the general
population; obese patients (BMI Z 30 kg/m2) were notexcluded, and no effort was made to ensure recruitment
into speciﬁc BMI categories.
Consecutive patients were screened for inclusion and
exclusion criteria and requested to participate in the
study; 51 subjects signed informed consent. Evaluable
data on patient radiation dose determinations were
available from 48 subjects, and data on scatter radiation
dose were available from 50 subjects. One patient was
excluded from the patient and scatter dose analysis
because of double injection with the study DSA proto-
col. Additionally, two subjects were excluded from the
patient dose analysis because of incomplete logging of
the dose data. Demographics and clinical characteristics
were similar for the enrolled and evaluable populations
(Table 1). The average BMI for all subjects was 25.8 kg/
m2 (range, 17.6–37.0 kg/m2); average age was 66.0 years
(range, 39.6–86.4 y). Two-thirds of the subjects were
male, and most of the procedures were performed to
treat the common and external iliac arteries (Table 1).
Imaging
All images were obtained at a single center by an inter-
ventional radiologist (M.J.v.S.) with 4 5 years’ experi-
ence in vascular interventional radiology. After provid-
ing written consent, subjects underwent two randomly
ordered iliac artery DSA runs with equal intraarterial
injections of contrast material: one using standard
imaging parameters at conventional radiation dose
(referred to as the “reference DSA”) and one using
advanced image processing and low-dose DSA acquis-
ition chain (17% of the reference DSA dose; referred to
as the “study DSA”).
DSA images were acquired using a monoplane ﬂat-
detector angiography system (Allura Xper FD20; Philips
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DSA program. This system was equipped with a prototype
of an advanced dose reduction and real-time image noise
reduction technology (ClarityIQ; Philips Healthcare). The
technology combines real-time image noise reduction
algorithms with state-of-the-art hardware to reduce patient
entrance dose. This dose reduction is realized by anatomy-
speciﬁc optimization of the full acquisition chain (grid
switch, beam ﬁltering, pulse width, spot size, detector, and
image processing engine) for every clinical area (12).
Despite the lower x-ray dose used to acquire the images,
image quality can be maintained by using smaller focal
spot sizes, by using shorter pulses, and by the introduction
of improved noise reduction algorithms. The technique
factors for the study DSA were a nominal tube voltage of
80 kVp with 0.1 mm copper and 1.0 mm aluminum and
detector dose of 1 μGy/frame on the largest ﬁeld of view.
For the reference DSA, a nominal tube voltage of 80 kVp
with 0.0 mm copper and 0.0 mm aluminum and detector
dose of 4 μGy/frame were programmed.
The noise reduction technology combines a spatial
and a temporal ﬁlter with automatic real-time motion
compensation in subtraction imaging. Spatial and tem-
poral ﬁlters demonstrate the predominant structures to
maintain in the image and smooth out the featureless
parts, whereas real-time motion compensation reduces,
without any user interaction, the anatomic structure
noise introduced by patient movement during subtrac-
tion imaging. The improvements achieved in terms of
noise reduction enabled further optimization of the
acquisition chain to reduce radiation dose. The technol-
ogy has been explained in more detail previously (13).
The equipment was labeled Conformité Européenne
(CE) and allowed the operator to select acquisition
settings to acquire either the reference DSA or the study
DSA. Image acquisition order (reference DSA followed
by study DSA or vice versa) for each individual subject
was determined by block randomization through a Web-
based randomization tool (Sealed Envelope [https://
www.sealedenvelope.com/]).
For this study, the operator performed the ﬁrst DSA
run using the randomly assigned reference or novel
technology to visualize the aortoiliac bifurcation and
left and right iliac arteries using a contralateral oblique
projection angle and 15–20 mL of contrast medium
injected into the distal aorta at a speed of 10–15 mL/s
(Xenetix 300 mg/mL; Guerbet, Gorinchem, The Nether-
lands). The ﬁeld of view and collimation were chosen
according to standard practice. The projection angle was
selected from the most commonly used projections in
clinical practice, allowing assessment of small and large
vessels and projecting the iliac bifurcation free. After a
1-minute pause to ensure clearance of contrast agent
from the arteries, the run was repeated using the
alternate technology without modifying table position,
C-arc position, detector format, detector position, colli-
mator or wedge position, catheter position, or injectionprotocol. Radiation doses were determined by the
integrated ionization chamber of the angiography unit
and recorded for each of the two DSA runs, in units of
air kerma and dose area product (DAP).
Assessments
Demographics of subjects, including baseline height,
weight, BMI, and medical history, were recorded. Image
quality was rated in different hospitals around Europe by
blinded interventional radiologists who had not partici-
pated in image acquisition and were not afﬁliated to the
hospital where the acquisitions had taken place. All
radiologists had at least 5 years of clinical experience of
acquiring and reading vascular images after obtaining
their degree in interventional radiology, and none of them
had previous experience with the new technology. Five
reviewers evaluated randomly assigned pairs of image sets
masked for acquisition type and date from each subject.
Corresponding runs were evaluated side-by-side (14,15)
on a workstation with two 19-inch medical-grade mono-
chrome monitors (MML1942PE; Philips, Healthcare), as
has been done previously to determine noninferiority in
DSA imaging (16). Lighting and environmental conditions
were similar to conditions normally used to perform
clinical diagnostic evaluations. Normal postprocessing
parameters (eg, brightness, contrast, edging, and pixel
shifting) could be adjusted by reviewers. Image acquisition
parameters and examination dates were removed from all
images, but radiologists were provided with the reason for
the patient’s examination.
Radiologists were asked to specify whether the overall
quality of the image shown on one screen was inferior,
equal, or superior to the corresponding image obtained
under different settings shown on the second screen.
Image quality was based on general appearance, visual-
ization of large arteries (smoothness of vessel walls),
visibility of side branches and position of the stent (if
present), assessment of the lesion, vessel delineation and
collaterals, and background noise level and motion
artifacts. Reviewers were instructed to perform the
reading as they would normally during routine clinical
interventional practice.
Scatter Dose Recording
Scatter dose was recorded using DoseAware Personal
Dose Meters (Philips Healthcare). The dose meters pro-
vide information about the scatter dose rate (mSv/h) and
cumulative dose (mSv), expressed as personal dose
equivalent values Hp(10). Dose rate range and linearity
are appropriate to evaluate staff dose and have been
previously used to measure occupational dose (17).
Three dosimeters, placed at ﬁxed positions inside the
procedure room, were used to record scatter dose rate
and cumulative dose for the reference DSA and study
DSA. Each position was chosen to ensure that the
physicianʼs behavior would not inﬂuence the results: on
Volume 26 ’ Number 5 ’ May ’ 2015 645the C-arc (Fig 1a)—this dosimeter was used as the main
reference because it is independent of C-arc movements,
it is not affected by any shielding device, and it should
provide the maximum potential exposure reading at that
position on the C-arc (18); at the undertable lead curtain
on the operator side (Fig 1b), dependent on C-arc
movements and affected by the shielding effect of the
undertable lead curtain (lead curtain operator side); and
at the undertable lead curtain on the tube side (Fig 1c),
dependent on C-arc movements and not affected by any
shielding device (lead curtain tube side).
Data Analysis
To establish noninferiority of the novel technology, image
quality was expected to be at least equivalent between the
study DSA and the reference DSA for Z 80% of runs.
Assuming that, overall, the quality of images obtained
using the study DSA would be rated as equal or superior
to that of images obtained using the reference DSA in
90% of cases, a sample of 40 subjects would allow forFigure 1. DoseAware badge locations.estimation of a two-sided 95% conﬁdence interval (CI)
with a lower boundary of 0.80. Therefore a minimum
sample of 40 subjects was planned.
Patient characteristics were evaluated using descriptive
statistics. The proportion of study DSA runs rated as
equal or superior to the corresponding reference runs
was determined by evaluating data from subjects with
image ratings from all reviewers on both techniques. For
each reviewer, the number and proportion of study DSA
runs rated as noninferior to the corresponding reference
runs were identiﬁed with the 95% one-sided CI. Overall
image quality was calculated from the average propor-
tions from all reviewers. If the lower bound of the one-
sided 95% CI was greater than the predeﬁned threshold
of 0.80, noninferiority would be conﬁrmed. Levels of
agreement among reviewers were evaluated using 95%
two-sided CI (19,20).
Radiation dose was analyzed as the total dose per
DSA run as well as the dose per frame. The difference
in patient radiation exposure between techniques was
van Strijen et al ’ JVIR646 ’ Clinical DSA Images with Less Patient and Scatter Dosecompared using a paired t test, with signiﬁcance set at
P o .05. Radiation dose data are summarized as mean,
SD, median, 25th and 75th percentiles, minimum and
maximum for study and reference DSA runs, and dose
reduction and percentage dose reduction between the
two imaging technologies. Differences in radiation dose
between the two groups were evaluated using a paired,
two-sided t test (for mean difference) and the non-
parametric, Wilcoxon signed rank test (for median
difference).
Dose Manager Software application (Philips Health-
care) was used to analyze the scatter dose data. Cumu-
lative scatter dose and mean dose rate per run were
analyzed for the two DSA acquisitions, summarized as
mean, SD, median, 25th and 75th percentiles, minimum,
and maximum.Figure 3. Interrater agreement that the study DSA was not inferior to
conﬁdence limit, LCL ¼ lower conﬁdence limit, UCL ¼ upper conﬁden
Figure 2. Mean numbers of subjects for whom the quality of
low-dose images was rated as better than, similar to, or worse
than that of standard images by all reviewers, with standard
error bars (n ¼ 48).RESULTS
Image Quality
DSA runs from all 48 subjects were reviewed by ﬁve
independent raters, giving a total of 240 comparisons.
Study DSA runs were rated as having similar quality to
reference DSA runs for 160 comparisons (66.7%), as
better than reference runs for 70 comparisons (29.1%),
and as inferior to reference runs for 10 comparisons
(4.2%). Mean comparison ratings by all reviewers for the
48 subjects are shown in Figure 2. The overall
proportion of all radiologists rating the quality of
study runs as similar to or better than reference runs
was 0.96 (90% two-sided CI, 0.93–0.98). The lower
bound of the 90% CI (0.93) exceeds the predeﬁned
threshold of 0.80, conﬁrming noninferiority of the study
mode to the reference mode.
On average, the overall agreement among raters was
0.93 (95% CI, 0.65–0.96) (Fig 3). Average overall
agreement that the study DSA provided equivalent or
better quality than the reference DSA was high (0.93;
95% CI, 0.65–0.96), whereas average overall agreement
that the reference DSA provided better quality images
was very low (0.01; 95% CI, 0.00–0.02). Representative
images acquired in one of the examinations are provided
in Figure 4a, b. Examples of the different ratings of the
paired DSA acquisitions are provided in Videos E1–E3
(available online at www.jvir.org).Patient Radiation Dose
Data for air kerma and DAP deviated from the normal-
ity assumption for low-dose imaging, so radiation
dose was compared using parametric and nonparametricthe reference DSA. Broken line shows average agreement. CL ¼
ce limit.
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DSA run and the dose per image by treatment group are
presented in Table 2 and Figure 5a, b. Results conﬁrm
that the mean radiation dose per image was 83% lower
using the study DSA than using the reference DSA. Me-
dian air kerma values per frame were 1.5 mGy (range,
0.4–7.5 mGy) for the study DSA versus 9.2 mGy (range,
2.3–21.1 mGy) for the reference DSA, and median
DAP values per frame were 0.6 Gy∙cm2 (range, 0.2–3.2Figure 4. DSA images obtained in a 53-year-old man with bilatera
contrast material into the distal aorta, and oblique projections were acq
DSA acquisition chain and standard image processing). (b) Image ob
with advanced image processing).
Table 2 . Radiation Dose (n ¼ 48)
Parameter
Reference DSA
Dose per Run Dose per Frame Dose p
AK, mGy
Mean (SD) 138.1 (68.71) 9.9 (4.65) 30.0 (
Median 130.9 9.2 23
Q1, Q3 91.8, 176.6 6.9, 12.3 15.1,
Min–Max 27.1–336.1 2.3–21.1 4.9–1
95% CI 118.1, 158.0 8.5, 11.2 22.2,
DAP, Gy∙cm2
Mean (SD) 57.2 (26.56) 4.1 (1.67) 11.8
Median 56.9 4.0 10
Q1, Q3 37.8, 71.3 3.1, 5.1 6.6,
Min–Max 12.6–167.4 1.1–9.6 2.3–
95% CI 49.5, 65.0 3.6, 4.6 9.1,
AK ¼ air kerma (mGy), CI ¼ conﬁdence interval, DAP ¼ dose area pro
¼ minimum to maximum, Q1 ¼ ﬁrst quartile, Q3 ¼ third quartile.Gy∙cm2) for the study DSA vs 4.0 Gy∙cm2 (range, 1.1–
9.6 Gy∙cm2) for the reference DSA.Scatter Radiation Dose
For cumulated dose and mean dose rate per run, mean
dose levels were signiﬁcantly lower with the study DSA
than with the reference DSA for all dosimeters (P o
.0001). Compared with the reference DSA, the percentl iliac stenosis. Angiography was performed with injection of
uired. (a) Image obtained using the reference DSA (conventional
tained with the study DSA (83% dose reduction in combination
Study DSA % Reduction
er Run Dose per Frame per Run per Frame
26.69) 1.9 (1.60) 80.3 (6.43) 83.0 (5.33)
.4 1.5
30.5 1.0, 1.9
23.8 0.4–7.5
37.7 1.4, 2.3
(9.45) 0.7 (0.53) 80.6 (6.14) 83.3 (5.08)
.0 0.6
12.8 0.4, 0.8
60.5 0.2–3.2
14.5 0.6, 0.9
duct (Gy∙cm2), DSA ¼ digital subtraction angiography, Min–Max
Figure 5. Boxplot showing the patient radiation dose per frame for the study DSA and reference DSA. (a) DAP (Gy∙cm2). (b) Air kerma
(mGy).
Table 3 . Descriptive Summary of Scatter Radiation Dose Measurements and Reduction for Reference DSA and Study DSA Run
Variable Location Parameter Reference DSA (n ¼ 50) Study DSA (n ¼ 50) % Reduction
Cumulated Dose (μSv) C-arm Mean (SD) 215 (116) 69 (63) 68.7 (9.8)
Median 191 51 71.0
Q1, Q3 132, 265 41, 76 66.5, 74.7
Min–Max 50–697 18–413 40.7–79.7
95% CI 182, 248 51, 87 65.9, 71.5
LC operator side Mean (SD) 29 (39) 9 (12) 69.8 (4.9)
Median 14 4 70.9
Q1, Q3 6, 26 2, 8 67.3, 72.9
Min–Max 3–154 1–51 43.0–76.4
95% CI 18, 40 5, 12 68.4, 71.2
LC tube side Mean (SD) 498 (233) 165 (114) 65.7 (13.3)
Median 488 119 68.1
Q1, Q3 305, 626 97, 191 59.3, 76.7
Min–Max 107–107.6 51–654 33.8–81.8
95% CI 432, 565 133, 197 62.0, 69.5
Mean dose rate (mSv/h) C-arm Mean (SD) 69.7 (32.8) 19.4 (14.3) 72.6 (7.6)
Median 62.4 14.9 74.0
Q1, Q3 45.6, 93.3 11.9, 21.2 69.7, 77.9
Min–Max 19.8–179.1 7.1–93.0 48.1–83.2
95% CI 60.4, 79.0 15.3, 23.5 70.4, 74.7
LC operator side Mean (SD) 9.6 (12.0) 2.6 (3.5) 73.7 (5.6)
Median 5.0 1.4 74.4
Q1, Q3 2.1, 11.2 0.5, 2.4 71.8, 76.8
Min–Max 0.9–48.1 0.2–13.3 43.0–80.9
95% CI 6.2, 13.1 1.6, 3.6 72.1, 75.3
LC tube side Mean (SD) 166.9 (68.1) 48.7 (30.7) 70.4 (10.9)
Median 171.1 37.6 72.8
Q1, Q3 112.3, 206.0 29.8, 59.4 67.0, 78.9
Min–Max 42.71–307.1 18.3–169.3 41.5–83.2
95% CI 147.6, 186.2 39.9, 57.4 67.3, 73.5
CI ¼ conﬁdence interval, DSA ¼ digital subtraction angiography, LC¼ lead curtain, Min–Max ¼ minimum to maximum, Q1 ¼ ﬁrst
quartile, Q3 ¼ third quartile.
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reference C-arm, 73.7% for the lead curtain operator
side, and 70.4% for the lead curtain tube side dosimeters
(Table 3).
The average scatter radiation dose rate for the study
DSA was lower than the dose rate for the reference
DSA. Of all the study DSA acquisitions measured by the
reference C-arm dosimeter, 75% of the observations were
o 21.2 mSv/h, whereas 75% of the reference DSA
acquisitions were o 93.3 mSv/h (Table 3 and Fig 6).
The dose rate and accumulated dose for the study
patient described in Figure 4 are shown in Figure E1
(available online at www.jvir.org).DISCUSSION
The purpose of this study was to determine whether a
dose-reduction and real-time advanced image noise
reduction technology would yield equivalent image
quality compared with the conventional imaging tech-
nology. The results show that the quality of study DSA
images obtained at lower dose was noninferior to that of
images obtained at conventional dose using the referenceFigure 6. Distribution of scatter dose rate for reference C-arm
dosimeter. Dashed lines represent third quartile. For graph
layout purposes, the x-axis is limited to 130 mSv/h, with 5% of
the procedures for the reference DSA not being displayed on the
scale (maximum value is 180 mSv/h).technology. The study DSA images were rated by
radiologists as being of equivalent or better quality than
the reference DSA images in 96% of comparisons, with
an overall agreement among raters of 0.93. Radiation
dose per frame was 83% lower in the study DSA group.
These data conﬁrm that equivalent image quality in iliac
angiography can be achieved with lower patient doses of
radiation when acquired using a speciﬁc dose reduction
and real-time image noise reduction technology.
In patients undergoing interventional radiation pro-
cedures, DSA contributes substantially to radiation
exposure. Earlier studies on radiation exposure in endo-
vascular procedures suggest that approximately 70% of
the total DAP was a result of the acquisition of radio-
graphic frames, leaving 30% being contributed by
ﬂuoroscopy (7). The application of dose reduction
strategies for angiography has an important impact in
limiting radiation exposure to patients and staff.
However, with increasing complexity of interventional
procedures (4) and with the use of devices that are
difﬁcult to visualize (5), efforts to reduce radiation
exposure should not result in deterioration of image
quality (21). The present study shows that DSA runs can
be acquired with a substantially lower patient and scatter
radiation dose without compromising the diagnostic
quality of the images.
Generally, scatter dose may be affected by several
parameters, such as use of protective shielding or
distance of the operator from the patient. In the present
study, we aimed to circumvent the inﬂuence of such
behavioral parameters by measuring scatter dose
through dosimeters placed in ﬁxed positions. The dose
reductions observed can be fully attributed to the
acquisition chain implemented in the study DSA and
not to a different protective measure during the two
acquisition runs.
In addition, photons with lower energy (“soft x-rays”)
are less likely to reach the ﬂat detector, while still con-
tributing to patient radiation dose (22). Additional cop-
per ﬁltration can be used to reduce the soft x-rays and, as
a consequence, the dose to the patient; this has been
previously studied by other authors (3,12,23), but limited
literature is available on its effects on scatter dose (24).
This study shows how adding copper ﬁltration to reduce
patient dose contributes to signiﬁcant reduction of
scatter dose (Fig E2, available online at www.jvir.org).
Interpreting results of this study is limited by several
factors. We evaluated dose reduction and image quality
of DSA involving the pelvis, and results may not be
comparable for other anatomic areas or for other
imaging modes. However, previous studies using the
same dose-reduction and image processing technology
have similarly shown a reduction in radiation exposure
without compromising image quality in a preclinical
study for pediatrics (25), in complex electrophysiologic
interventions (26), and for DSA in interventional neuro-
radiology (27). In addition, image quality assessment
van Strijen et al ’ JVIR650 ’ Clinical DSA Images with Less Patient and Scatter Dosewas based on a comparison of the general appearance of
the DSA runs rather than, for example, a more extensive
scoring of individual features of the images. Finally, the
present study assessed image quality for DSA acquisi-
tions only, whereas the technology was developed for
both ﬂuoroscopy and cine angiography. Image quality in
relation to overall procedure dose reduction from
ﬂuoroscopy and DSA is still to be investigated.
The judgment of image quality in the present study
was not based on measurable physical parameters, but
rather on a subjective, yet quantitative, observer assess-
ment. Although a subjective evaluation, this type of
assessment provides a metric of the diagnostic perform-
ance of the study system with respect to clinically
meaningful tasks. A side-by-side comparison evaluation
as carried out in this study has been described to be a
good method for subjective but quantitative evaluations
of image quality (14).
In conclusion, DSA performed using a low-dose
acquisition chain in combination with advanced real-
time image noise reduction technology resulted in a
signiﬁcantly lower patient and scatter radiation dose
than is used with a reference DSA acquisition chain
(P o .001), while maintaining image quality.REFERENCES
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Figure E1. Scatter dose for study DSA and reference DSA measured for the patient described in Figure 4. Graph represents the scatter
dose rate for the study DSA on the left (mean, 30.1 mSv/h) and the reference DSA on the right (mean, 118.5 mSv/h) for the reference C-
arm dosimeter. The scatter dose reduction for this patient was 75%.
Figure E2. Percentage patient dose reduction (in purple) and scatter dose reduction (in green) as function of the water equivalent
thickness. The water equivalent thickness is calculated by the system based on radiographic factors, beam ﬁltration, source to image
distance, and detector output from the previous ﬂuoroscopy run. For the patient population enrolled in the study, the water equivalent
thickness measured by the angiographic system for the two DSA acquisitions was in the range of 20–36 cm. Increase in water
equivalent thickness requires a higher patient radiation dose to be delivered by the system to achieve the same image quality in both
DSA acquisitions. The graph shows that the optimization dose versus image quality has been chosen to favor image quality at larger
patient thickness, resulting in less dose reduction. Extra copper ﬁltration has been added for the study DSA (0.1 mm copper and 1 mm
aluminum) compared with the reference DSA (no copper). Copper ﬁltration is used to reduce the soft x-rays in the beam and reduce the
dose delivered to the patient. This study shows how adding extra copper ﬁltration to reduce x-ray radiation dose to the patient
contributes to signiﬁcant reduction of scatter dose. However, copper ﬁltration has a smaller effect on scatter dose reduction compared
with patient dose reduction, which is caused by the change in scatter proﬁle owing to the changed beam quality as already conﬁrmed
by other results in the literature (24).
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